Abbreviations
If it were possible to determine by direct experimentation the intakes of protein that would at specified ages meet the needs of 97 or 98% of normal infants, these quantities could be specified as the RDI. The mean or 50th percentile value for requirement, the intake that would meet the needs of approximately half of the normal infant population, would then be of much less interest. However, in the absence of such evidence from direct experimentation, the most practical approach is to estimate the protein intake that meets the mean requirement, and then to increase the value to account for individual variability, with the result that the RDI would be sufficient to meet the needs of nearly all infants.
The factorial approach is commonly used to estimate the mean requirement of infants for protein. For reasons that will be presented, it seems likely that the protein intakes of breast-fed infants are near the requirement level. If this is the case, requirements for protein estimated by the factorial approach can be compared with intakes by breast-fed infants, and any major discrepancy between estimated requirements and such intakes will require explanation.
FACTORIAL APPROACH T O ESTIMATING REQUIREMENTS
Calculations based on the factorial approach as applied to male infants fed milk-based formulas are summarized in Table  1 . The requirement for protein during various age intervals has been obtained by adding the quantity of protein (nitrogen x 6.25) needed for growth to the quantity needed to replace inevitable losses in urine, in feces, and from the skin. The conversion of dietary protein (from cow milk or whey-fortified cow milk) to body protein is assumed to be 90% efficient. Because inevitable losses include nonabsorbed dietary nitrogen, no other correction for the extent of nitrogen absorption is needed.
Although replacement of losses accounts for the entire protein requirement of adult subjects and for all but a small fraction of the requirement of children beyond 2 y of age, accretion of protein accounts for an appreciable percentage of the requirement of the young, rapidly growing infant.
Requirement for growth. The daily increment in body protein by the male reference infant (I) is presented per unit of body weight in Table 1 . Protein accretion of the female reference infant per unit of body weight averages 9% less than that of the male during the first 2 mo of life, but thereafter is quite similar. The decrease in the daily increment in body protein per unit of body weight is impressive, with a value (g.kg-' .d-') of 0.93 in the 1st mo of life, 0.50 from 2 to 3 mo of age, 0.26 from 5 to 6 mo of age, and 0.18 g . kg-' . d-' from 9 to 12 mo of age. Between 2 and 3 y of age, the increment in body protein is only 0.08 g. kg-' .d-' (1). The protein requirement for growth (Table 1) is the increment in body protein divided by 0.9 (i.e. 90% efficiency of conversion of dietary protein to body protein).
Inevitable losses. When intakes of protein are in the range estimated to be at or near the level of requirement (i.e. similar to those of breast-fed infants), inevitable losses of nitrogen by the 4-to 6-mo-old infant have been estimated to be (mg. kg-'. d-I): 9 1 in urine, 39 in feces, and 1 1 from skin, giving a total inevitable loss of 141 mg. kg-' .d-' (2), equivalent to a loss of protein (nitrogen x 6.25) of 0.88 g. kg-' .d-'. Because the largest contributor to inevitable losses is tissue catabolism, inevitable losses are likely to be proportional to total body protein. The mean protein content of the male reference infant at 4 to 6 mo of age is 0.12 g/kg (I), and total daily inevitable losses of protein at 4 to 6 mo of age are therefore calculated to be 7.33 g/kg of body protein.
Using the body protein content of the male reference infant (I), daily inevitable losses have been presented in Table 1 by application of computer-generated simulation analysis. The estimate of protein requirement at 9 to 12 mo of age (1.14 g . kg-' .dP'), is somewhat less than the estimate (I .27 g. kg-'. d-') by Huang el al. (5) for 1-y-old infants. The difference in the estimates is explained almost entirely by the use of a 90% conversion efficiency for cow milk protein to body protein in the estimates presented in Table 1 and a 70% conversion efficiency used in the calculations of Huang et al. (5) .
The estimates of protein requirement for infants 1 to 2, 2 to 3, and 3 to 4 mo of age presented in Table 1 are considerably less than the corresponding estimates (2.25, 1.82, and 1.47 g . kg-', d-') by the Joint FAO/WHO/UNU Expert Consultation (6) . The difference in the estimated requirements in Table 1 and those of the FAO/WHO/UNU committee are explained primarily by a 50% increase that the committee applied to the body increment in protein, and by a difference in the assumed efficiency of conversion of dietary protein to body protein-90% of the calculations presented in Table 1 and 70% in the FA01 WHO/UNU committee's calculations. For a diet providing a mixture of proteins, the 70% conversion factor may be appropriate, but for infants fed milk-based formulas, this conversion factor seems too low.
MODEL O F BREAST-FED INFANT
The human gene pool has been altered relatively little during the past 10 000 or 12 000 years. Ten thousand years ago, protein intakes were quite modest, and, in the face of marginal intakes of protein, one would anticipate that a woman who produced milk with generous quantities of protein would become protein depleted. Evolutionary forces would be expected to result in milk production that would represent the best compromise between the needs of infant and the needs of the mother (7, 8) . If, as seems likely, the protein intake of the breast-fed infant is near the level of requirement, the protein intake of the breast-fed infant can be used as a separate estimate of requirement.
Milk intake per day. Based on data from three sources (9-1 1 ), Table 2 presents an estimate of the quantity of milk consumed by male breast-fed infants during 1-mo intervals from birth to 6 mo of age. The data of Neville et al. (10) have been included for each interval and, after adjustment for sex specificity, have been averaged with the data of Whitehead and Paul (9) for the age intervals 1 to 2, 2 to 3, and 3 to 4 mo and averaged with the data of Stuff and Nichols (1 1) for the age intervals 4 to 5 and 5 to 6 mo.
For the age intervals 1 to 2, 2 to 3, and 3 to 4 mo, the data of Neville et al. (10) were adjusted to reflect an intake of milk by males 17, 11, and 7%, respectively, greater than that by females. § % of total requirement. (9) for ages 1-2, 2-3, and 3-4 mo, and with data of Stuff and Nichols (1 1) for ages 4-5 and 5-6 mo.
t Birth weight was assumed to be 3.4 kg and gains in weight were as described by Guo et al. (12) with adjustment to reflect 9.4% lesser gain by male breast-fed than by male formula-fed infants (13) . Body weight used in the calculation was the mean of the weight at the beginning and end of the interval.
$ Based on the data of Lemons el al. (14) for 0-1 mo, on the data of Nagasawa et al. These differences correspond to those reported by Whitehead and Paul (9) . For example, the quantity of milk consumed (by males and females) was calculated from the data of Neville et al. (10) to be 580 g/d; this value was multiplied by 1.085 to reflect the 17% greater intake by males than by females. For the age intervals 4 to 5 and 5 to 6 mo, the data of Neville et al. were adjusted to reflect an intake by males 11 % greater than that by females, as reported by Stuff and Nichols (1 I). For the interval birth to 1 mo, the intake by males was assumed to be 10% greater than that by females.
As may be seen in Table 2 , milk consumption increased gradually from 630 g/d during the 1st mo of life to 852 g/d from 5 to 6 mo of age. The data of Hofvander et al. (17) for male breast-fed infants within 1 wk of ages 1, 2, and 3 mo were 663, 791, and 81 1 g/d, respectively-intakes quite similar to those reported in Table 2 . However, considerably greater intakes have been reported by Nommsen et al. (1 8) . If the intake of 8 11 g/d reported by these authors for 3-mo-old infants is adjusted for sex specificity, as was done with the data of Neville et al. (lo) , the intake of 856 mL/d for males is considerably greater than the intakes presented in Table 2 for infants 2 to 3 and 3 to 4 mo of age.
Milk intake per unit of body weight. To permit expression of intakes in relation to body weight, an estimate of body weight at the beginning and end of each age interval was made and the average of the two values was used. The mean birth weight was assumed to be 3.4 kg, and the monthly gains were taken from the data of Guo et al. (12) , with a correction for the 8% lesser rate of gain of male breast-fed than of male formula-fed infants
Based on the average body weight values for each age interval, intakes of milk were greatest from 1 to 2 mo of age (1 57 g. kg-'. d-I) and decreased to 1 14 g . kg-'. d-' by 5 to 6 mo of age (Table  2) . Intakes reported by Wallgren (19) are somewhat greater than those presented in Table 2 , especially for ages 2 to 3 and 3 to 4 mo (147 and 135 g.kg-'.d-', respectively), whereas intakes reported by Butte and Garza (20) for infants 1, 2, 3, and 4 mo of age, if adjusted for sex specificity, are in close agreement with those presented in Table 2 .
Available nitrogen in human milk. Nonprotein nitrogen accounts for a major fraction of the nitrogen of human milk, averaging in mature milk about 24% of total nitrogen (15, 16) . Most of this nonprotein nitrogen consists of urea, creatinine, uric acid, and ammonia, which appear to be largely unavailable for protein synthesis (21) (22) (23) (24) . However, the amino acids, peptides, glucosamines, and a small percentage of the non-a-amino nitrogen is bioavailable, accounting for about 27% of the total nonprotein nitrogen of human milk.
The concentration of bioavailable nitrogen in human milk at various ages as presented in Table 2 has been calculated from several reports in the literature that presented data on concentrations of total and nonprotein nitrogen (14-16) or on concentration of protein nitrogen only (1 I). When only protein nitrogen was presented, nonprotein nitrogen was estimated on the assumption that the partition between protein and nonprotein nitrogen was 76:24. The concentration of bioavailable nitrogen was calculated as the sum of protein nitrogen and 27% of nonprotein nitrogen, and this sum was multiplied by 6.25 to give the concentration of bioavailable nitrogen as the equivalent of protein (listed as "protein" concentration in Table 2 ).
For the 1st mo of lactation, calculations of the concentration of bioavailable nitrogen were based on the average concentration of nitrogen in milk of mothers of term infants studied by Lemons et al. (14) at 7, 14, 21, and 28 d of lactation. Similar calculations for 1 to 2, 2 to 3, and 3 to 4 mo of lactation were based on the data of Nagasawa et al. (15) and Lonnerdal et al. (16) , and for 4 to 5 and 5 to 6 mo of age on the data of Lonnerdal et a/. (16) and Stuff and Nichols (1 1).
The estimates of "protein" concentration obtained from these data are 14.0 g/L for the 1st mo of lactation, 10.1 g/L for the 2nd mo of lactation, and only 8.3 g/L between 4 and 6 mo of lactation (Table 2) . Calculations based on the data of Butte and Garza (20) yield values for the concentration of bioavailable nitrogen times the factor 6.25 that are somewhat greater than those listed in Table 2 . The protein concentrations reported by Nommsen et al. (18) , 12.1, 11.4, 11.6, and 12.4 g/L at 3, 6, 9, and 12 mo of lactation, are ,so much greater than other values reported in the literature that one suspects a laboratory error.
Protein intake of male breast-fed infant.
With the exception of the 1 st mo of life, the intakes of "protein" (bioavailable nitrogen x 6.25) of the male breast-fed infant as presented in Table 2 are less than those presented previously (2) . The greater estimates presented in the earlier publication were the consequence of an overestimate of the protein concentration of human milk between 1 and 3 mo of lactation and an overestimation of quantity of milk consumed between 3 and 6 mo of age. The intakes of protein by male breast-fed infants as estimated by the Joint FAO/WHO/UNU Expert Consultation (6), 2.46, 1.93, 1.74, and 1.49 g. kg-' .d-' during the age intervals birth to 1, 1 to 2, 2 to 3, and 3 to 4 mo, are remarkably high. The high FAO/WHO/ UNU estimate for the 1 st mo of life seems to have arisen because intakes for 2 to 4 wk of life were applied to the entire 1st mo. The high FAO/WHO/UNU estimates for later age intervals are explained primarily by the assumption that the concentration of protein in human milk is 1 1.5 g/L.
COMPARISON OF ESTIMATED PROTEIN REQUIREMENTS AND ESTIMATED PROTEIN INTAKES BY BREAST-FED INFANTS
Protein intakes by breast-fed infants during the first 2 mo of life (Table 2) do not differ greatly from the estimated requirements (Table 1) . However, for infants from 2 to 5 mo of age, the estimated requirements for protein are 18 to 24% greater than the estimated intakes of the breast-fed infant. This observation warrants discussion. Four reasons for the difference need to be considered: I ) the estimates of protein requirements of infants fed milk-based formulas are too high; 2) requirements calculated for infants fed milk-based formulas are inappropriate for judging the adequacy of protein intake by breast-fed infants; 3) the estimated protein intakes of breast-fed infants are too low; and 4) the intakes of protein by breast-fed infants fail to meet the requirement.
Possibility that estimates ofprotein requirement for infants fed milk-basedformulas are too high. Errors in the estimated protein
requirements for the formula-fed infant might arise from overestimating the protein increment, from underestimating the efficiency of conversion of dietary protein to body protein, or from overestimating inevitable losses. None of these possibilities can be dismissed, but the least likely would appear to be that the conversion efficiency (assumed to be 90%) has been underestimated.
Possibility that requirements calculated for infants fed milkbased formulas are inappropriate for judging adequacy of protein intake by breast-fed infants. Calculations based on data from
formula-fed infants might be inappropriate for breast-fed infants because the increment in body protein and, therefore, the protein requirement for growth, are less for breast-fed infants and/or because the efficiency of conversion of dietary protein to body protein is greater for human milk protein than for cow milk protein.
Rates of gain in weight and length are less by breast-fed than by formula-fed infants (1 3), and it seems likely that the increment in protein, based on data from studies of formula-fed infants (1) is somewhat excessive for breast-fed infants. Gains in length of male formula-fed infants during the early months of life are 8% more rapid than gains in length of breast-fed infants (1 3). If one were to decrease the estimated requirements for protein for growth by 8% in each age interval in Table 1 , the resulting protein requirement value would be 1.90 g. kg-'. d-' during the 1st mo of life (9% less than the estimated intake by the breastfed infant) and 1.65 g. kg-'.d-' during the 2nd mo of life (4% less than the estimated intake by the breast-fed infant). However, from 2 to 5 mo of age, when protein for growth is a smaller percentage of the protein requirement, the estimate of protein requirement, even with this correction, would average 2 1 % greater than the estimated protein intake of male breast-fed infants. The estimates of protein requirements from 2 to 5 mo of age would be decreased only slightly if one were to assume an efficiency of conversion of human milk protein to body of 95% rather than the 90% conversion efficiency assumed for cow milk.
Thus, it does not seem likely that calculations of requirements based on data from formula-fed infants rather than from breastfed infants are the major explanation that estimated protein intakes by breast-fed infants are less than the estimated protein requirements.
Possibility that estimated intakes of protein by breast-fed infants are too low. Data on quantities of milk consumed by breastfed infants have been determined by a number of investigators using the test weighing method. Most investigators have reported intakes similar to those presented in Table 2 . However, some investigators, notably Nommsen et al. (1 8) , have reported greater intakes. Moreover, validation studies canied out by isotope dilution methods (25, 26) have not been completely convincing. Thus, it is possible that milk consumption estimated by test weighing results in some underestimation of intake.
The percentage of nonprotein nitrogen that is bioavailable appears to be low for the breast-fed (22, 24) as well as for the formula-fed infant (23) . Although a few reports indicate that protein concentrations in human milk are greater than those listed in Table 2 , the values listed in Table 2 are considered to be the best available. Underestimation of protein intake by the breast-fed infant seems less likely to result from underestimation of the protein concentration of human milk than from underestimation of milk intake.
In explaining the discrepancy between the calculated protein intake of the breast-fed infant and the protein requirement calculated for the formula-fed infant, underestimation of the protein intake of the breast-fed infant is probably less important than overestimation of the requirement of the formula-fed infant.
Possibility that protein intake by breast-fed infants may be less than optimal. Some readers will find it offensive even to suggest that breast feeding may not provide an optimal intake of protein after the 2nd mo of life. However, by a slight decrease in growth rate, the infant might compensate for a slightly suboptimal intake 394 FOM [ON of protein while deriving the benefit of all of the other advantages of breast feeding.
Recognizing that fat-free body mass is an abstraction and that each cell requires lipid for structure and function, it is, nevertheless, useful in considerations of growth to distinguish between growth of fat and growth of fat-free body mass. Growth of fatfree body mass, together with its essential lipid components, is regulated quite differently from growth of adipose tissue. A reasonable hypothesis is that each infant has a genetically determined potential for growth of fat-free body mass. If he remains free from major illness and receives adequate intakes of energy and essential nutrients, he will meet his growth potential. According to this hypothesis, the ideal growth rate is that which provides the maximum gain in fat-free tissue without an excessive gain in fat.
Thus, the slightly less rapid growth of fat-free body mass of the breast-fed than of the formula-fed infant, as indicated by the difference in gain in length, suggests that breast feeding, despite its overriding advantages from other points of view, is less than ideal in permitting the infant to achieve his growth potential. It is possible that protein is a limiting nutrient. Nevertheless, if breast feeding fails to provide an optimal intake of protein, the intake must at least quite closely approach the optimal intake. Indices of protein nutritional status other than growth of fat-free body mass are similar for breast-fed infants and for formula-fed infants, who receive much more generous intakes of protein. It is certainly difficult to imagine that the protein intake of the breast-fed infant from 2 to 5 mo of age could be 17% less than the requirement.
Conclusion about reasons for difference between estimated requirement for protein after 2 mo of age and protein intake of breast-Jed infants.
Of the possibilities considered, none can be confidently excluded as a contributor to the difference between the estimated requirement for protein and the calculated protein intakes by the breast-fed infant. However, the most important reason for the difference is almost surely overestimation of the protein requirement. PROTEIN 
REQUIREMENT
The mean energy and protein requirements during various age intervals are summarized in Table 3 . Mean protein requirements, i.e. intakes estimated to meet the requirements of half of the infants of the stated age, are presented as g. kg-'. d-' (as in Table  1 ) and, based on the average requirement for energy, as g/100 kcal.
Whether expressed as g. kg-'. d-' or as g/100 kcal, it is evident that the average protein requirement decreases rapidly during the first 4 mo of life, and then declines only slightly during the next 8 mo. With increasing age, mean protein requirement per unit of body weight decreases 14 to 16% monthly through 4 mo of age. The decrease from the interval 3 to 4 mo to the interval 4 to 5 mo is only 7%, and subsequent decreases are quite minor. Decreases in mean protein requirement per unit of energy intake (g/100 kcal) are 6 to 8% per month through the first 4 mo of life. The decrease from the interval 3 to 4 mo to the interval 4 to 5 mo is only 2%. Thus, protein requirements of infants from 3 to 4 mo of age are more similar to those of older infants than to those of infants less than 3 mo of age.
RDI OF PROTEIN
Several considerations were taken into account in using the estimated requirements for protein as a basis for developing RDI. Because the efficiency of conversion of cow milk protein to body protein is likely to be greater than that for certain other proteins used in infant formulas (e.g. isolated soy protein) and for many protein components of beikost, the protein requirements were recalculated using a 70% rather than a 90% factor for efficiency of conversion of dietary protein to body protein. An increase above this new calculation of requirement was then introduced to account for individual variability.
Of the two components of the protein requirement-protein for growth and protein to replace inevitable losses of nitrogenmost of the variability in the requirement would seem to be in the growth component. Inevitable losses of nitrogen are related, at least in part, to body size; therefore, when expressed per unit of body weight, variability of this component of the protein requirement is likely to be rather low.
The variability in body protein increment (equivalent to the variability in protein requirement for growth) is probably better reflected by variability in length gain than by variability in weight gain. During the early months of life, much of the variability in weight gain is the result of variability in fat deposition. As indicated by the data of Guo et al. (12) for the 2-mo intervals birth to 2, 1 to 3, 2 to 4, 3 to 5, and 4 to 6 mo of age, 2 SD for gain in length average about 26% of the mean; after 6 mo of age, the variability in gain in length is less than before 6 mo of age.
RDI for jrst 2 mo of life.
Assuming that the variability in protein requirement for growth is similar to the variability in gain in length, the mean protein requirement for growth, calculated with a 70% efficiency of conversion of dietary protein to body protein, has been increased by 26%. This value added to the value for inevitable losses is presented in Table 4 as the RDI. As may be seen from Table 4 , the RDI for protein for birth to 1 moofageis2.6g.kg-'.d-',andtheRDIfor 1 t o 2 m o o f a g e i s 2.2 g. kg-'.d-'. Based on the energy intakes in Table 3 , the RDI are also presented as g/100 kcal.
RDI for infants beyond 2 mo of age. Based on the observation that the estimate of requirement for infants 2 to 5 mo of age was 18 to 24% greater than the estimated protein intakes of breastfed infants, the requirement estimate presented in Table 1 for infants over 2 mo of age was believed to be high. After recalculating the protein requirement figures for growth with a conversion efficiency of 70% rather than 90%, the RDI were set 10% above the estimates of protein requirement.
The RDI for protein presented in Table 4 are considerably less than the FAO/WHO/UNU "safe levels of protein intake" (6) . For infants 3 to 6, 6 to 9, and 9 to 12 mo of age, the FA01 
RECOMMENDED MINIMUM PROTEIN CONCENTRATION OF INFANT FORMULAS
The United States Food and Drug Administration specifies the lower limit of protein in infant formulas to be 1.8 g/100 kcal. This value would seem to merit revision. For the first 2 mo of life, the lower limit is less than the RDI presented in Table 4 and less than has been demonstrated to be adequate. A minimum level of protein of 2.2 g/100 kcal is recommended for infants less than 3 mo of age. For infants over 3 mo of age, a protein concentration of 1.6 g/ 100 kcal is considered adequate.
